SUMMARY M-mode echocardiographic studies were performed in 11 patients, most of them adults, with Ebstein's anomaly of the tricuspid valve, proven by cardiac catheterisation. Simultaneous recordings of the tricuspid and mitral valves were obtained in all cases, the transducer position being outside the left midclavicular line in seven patients. Tricuspid valve closure followed mitral valve closure in all cases, with an interval ranging between 0-04 and 0-14 s. Since, in more than 8500 routine echocardiographic studies a valve closure interval between 0 09 and 0-12 s was seen in only one patient without Ebstein's anomaly, an interval of 0-065 s or more should be regarded as diagnostic of Ebstein's disease; however, an interval shorter than 0-065 s does not exclude this diagnosis.
The tricuspid valve anomaly first described by Ebstein in 18661 is found in less than 1 per cent of patients with congenital malformations of the heart.2 The principal anatomical lesion consists of a downward displacement of varying degree of the septal and posterior leaflets of the tricuspid valve. The clinical course, radiological, electrocardiographic, and phonocardiographic findings, and prognosis are well known.3-Cardiac catheterisation and angiocardiography usually confirm the suspected clinical diagnosis; however, in this condition, these procedures are associated with an increased risk, with mortality of approximately 3-5 per cent.5 Echocardiography, a non-invasive diagnostic method with a high degree of accuracy, is thus of special importance in this disease.
Since Lundstrom's first description in 1969, M- mode echocardiographic findings in Ebstein's anomaly have been described6-'4; however, most of these authors reported only a few cases and only a few tried to analyse the echocardiographic features systematically. As the results of these studies were inconsistent, particularly in respect of the pattern Received for publication 27 March 1979 of movement of the tricuspid valve, the echocardiographic signs of this anomaly were carefully analysed in seven adults and four children; all of whom had had cardiac catheterisation in our laboratory during recent years.
Subjects and methods

PATIENTS
Eleven patients were studied (seven female and four male; aged between 1 and 41 years, average 21 years). The diagnosis of Ebstein's anomaly was confirmed in all by right heart catheterisation (including right ventriculography in eight cases) and in two cases also by necropsy; in seven patients left heart catheterisation was also performed. Five patients had a secundum atrial septal defect, and three a patent foramen ovale (Table 1) . At group.bmj.com on April 2, 2017 -Published by http://heart.bmj.com/ Downloaded from anterior movement) and type B (reduced posterior movement). Statistical analysis was performed using standard linear regression and Student's t test.
Results
The results are summarised in Tables 1 and 2 . In all 11 patients tricuspid valve closure followed mitral valve closure ( Fig. 1, 2, 4) , the interval McTc varying between 0 04 and 0 14 s (average 0 09 ±0 04 s). Simultaneous phonocardiographic recordings showed that the moment of tricuspid and mitral valve closure (Tc, Mc) coincided with the tricuspid and mitral components of the first .heart sound ( Fig. 2 and 3) . No significant linear correlation was found between McTc and the amplitude (r=0-50) or opening velocity of the anterior tricuspid leaflet (r= -0 19), RVEDD (r=0-33), or ratio RVEDD/LVEDD (r=0.23).
Tricuspid opening (Td) was found to occur before mitral opening (Md) in three, after in four, and at the same time in four patients. The maximum opening point of the tricuspid valve (To) could not be determined exactly in two cases; in the other nine cases To was found to occur before the maximum opening point of the mitral valve (Mo) in one, after in six, and at the same time in two cases. The maximum amplitude 'A' of the anterior tricuspid leaflet was larger than the maximum amplitude of the anterior mitral leaflet in nine patients (averages for all 11 patients: 34 0 ±7-6 mm and 22-0 ±5-5 mm, respectively; P < 0.001). There was a significant negative correlation between heart rate and the amplitude of both the anterior tricuspid Value of M-mode echocardiography for non-invasive diagnosis of Ebstein's anomaly Finally, the opening velocity of the anterior tricuspid leaflet (TdTo) was found to be faster than the opening velocity of the anterior mitral leaflet (MdMo) in all but three cases; for the whole group this difference was significant (tricuspid 266-8 +41:0 mm/s, mitral 199 5 +66 8 mm/s; P< 0.01).
Two patients showed an atypical three-peak movement of the anterior tricuspid leaflet: after the late diastolic opening caused by atrial contraction there was an additional opening motion before closure ( Fig. 1 and 4) .
In all 11 patients RVEDD was larger than LVEDD (47-4±10-5mm vs. 34-2+71 mm; P< 0.001), the ratio RVEDD/LVEDD ranging from 1-0 to 19. In all patients paradoxical septal movement type A was present.
As an incidental finding one patient showed a conspicuous prolapse of the posterior mitral leaflet on the left ventriculogram, though this was not convincingly shown on the echocardiogram.
Discussion
As a rule in this group of patients it was much easier to locate the anterior tricuspid leaflet than the anterior mitral leaflet, as is usually the case in diseases with right ventricular volume overload. Moreover, in the majority of cases, the transducer position for optimal display of both valves was found to be outside the left midclavicular line. This is in accord with the findings of Farooki et al.,12 who studied more than 2000 neonates and infants with normal hearts and different congenital malformations; these authors considered the ability to record the anterior tricuspid leaflet from outside the left midclavicular line, with the transducer directed inferiorly and leftward, to be specific for Ebstein's anomaly.
Abnormally late tricuspid valve closure has been thought to be diagnostic of Ebstein's In our group of 11 patients the McTc ranged from 0 04 to 0 14 s (average 0 09 ±0 04 s) with a value of 0-06 s or more in nine cases. Thus, our investigation supports previous evidence that in Ebstein's group.bmj.com on April 2, 2017 -Published by http://heart.bmj.com/ Downloaded from studies in our laboratory we have seen only one patient who did not have Ebstein's anomaly but who had McTc between 90 and 120 ms on several occasions (Fig. 5) . This patient was a 2-day-old baby who was shown at necropsy to have pulmonary atresia associated with an intact interventricular septum, patent foramen ovale (diameter 2-2 cm), persistent ductus arteriosus, enlarged right and small left ventricle, and tricuspid regurgitation. To our knowledge, this is the first time that such a late closure of the tricuspid valve has been described in the absence of Ebstein's anomaly. '16 The abnormal delay of tricuspid valve closure in patients with Ebstein's Two patients showed an atypical diastolic threepeak movement of the anterior tricuspid leaflet. The abnormal McTc in these was obviously the result of the third peak (Fig. 4) which represents an additional opening of the tricuspid valve in late diastole. This abnormal pattern may be a consequence of the premature opening of the pulmonary valve described in cases of Ebstein's (Fig. 4) showed a negative MdTd (-0-2 to -0-06 s); however, in all these three cases McTc was prolonged (0 09 to 0 11 s). If one ignores the difficulty in locating the point 'd' precisely in certain cases, these observations reflect the variable anatomical and echocardiographic features of Ebstein's anomaly. In patients with Ebstein's malformation normal or abnormal septal movement may be found.8 1012 The relation between the sizes of the right and left ventricles seems to be important in this context. All our patients showed a paradoxical septal movement type A and in all cases the right ventricular diameter was larger than the diameter of the left ventricle. One of our patients showed mitral valve prolapse on the left ventriculogram. To our knowledge, this has been reported previously in only seven cases with Ebstein's anomaly.'9 20 The diagnosis of mitral valve prolapse is difficult in this disease because the murmur of tricuspid regurgitation and the split first heart sound of Ebstein's anomaly mask the typical auscultatory findings of mitral prolapse; moreover, in these cases the mitral valve apparatus is sometimes difficult to record echocardiographically, and during cardiac catheterisation left ventriculography is seldom performed.
Our findings and those recorded in earlier published reports show that Ebstein's 
